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Summary 1 
Six cabbage (Brassica oleracea var. capitata) varieties with different levels of resistance to 2 
Mamestra brassicae (Lepidoptera: Noctuidae) were investigated in order to assess whether 3 
antibiosis and antixenosis mechanisms are involved in the resistance to this pest or not. 4 
Four experiments were conducted to determine the effect of variety and plant ontogeny on 5 
larval behavior, adult oviposition and leaf damages in non-choice and choice tests. Larval 6 
survival, time to development and larval weights differed depending on the varieties and 7 
plant stages that we tested. At the pre-head stage, larval mortality was higher, larvae died 8 
faster, time to pupation was shorter, pupae were lighter and the percentage of viable pupae 9 
and GI values were lower than larvae reared from plants at the head stage. The commercial 10 
hybrid ‘Corazón de buey’ and the local variety named ‘BRS0535’ exhibited antibiosis to M. 11 
brassicae as they reduced its survival and growth and delayed its development time. In 12 
addition, these varieties were the most resistant after artificial infestation in terms of head 13 
foliage consumption and number of larvae per plant. Oviposition tests demonstrated that 14 
resistance found in ‘Corazón de buey’ and BRS0535 could be also based on antixenosis 15 
mechanisms as they resulted in fewer egg batches on plants, whereas BRS0402 could be 16 
classified as resistant because M. brassicae larvae showed less preference for it. Thus, 17 
resistance to M. brassicae found in cabbage crops may be due to the joint action of several 18 
factors involving antibiosis and antixenosis. We found significant differences in the 19 
resistance of BRS0535 depending on the plant ontogeny as it loses its resistance while 20 
developing. Further studies are required to identify the mechanism of antibiotic resistance 21 
which is present in this variety at the pre-head stage and the changes that occur in plant 22 
defense as it grows. 23 
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survival; host plant resistance; non-preference; pest resistance. 2 
Introduction 3 
Cabbage (Brassica oleracea L. var. capitata) is an important vegetable crop grown 4 
worldwide. One of the major limitations in cabbage production is the damage due to insect 5 
pests, mainly due to Lepidoptera species (Cartea et al., 2010). Among these, the generalist 6 
cabbage moth, Mamestra brassicae L. (Lepidoptera: Noctuidae) has been reported as the 7 
most important cabbage pest in NW Spain (Cartea et al., 2009a). This species is also widely 8 
distributed throughout most of Europe and Asia. Larvae cause damage directly by chewing 9 
leaves at all the stages of the plant growth. Cabbage plants can tolerate some leaf-feeding 10 
damage before head formation, but as larvae grow, they display a negative phototaxis, 11 
move into the crown of the plant and bore into the head, which reduces product 12 
marketability (Shelton et al., 1990). Moreover, they can also lower the value of the cabbage 13 
heads by causing unsightliness such as the presence of detritus.  14 
Protection of Brassica vegetables from lepidopterous pests is primarily based on the 15 
use of chemical insecticides. The heavy use of non-selective insecticides has led to well-16 
known problems, such as the development of insect resistance to these chemicals and the 17 
persistence of residues that are toxic to humans and animals. Nowadays, as the use of 18 
synthetic insecticides is being restricted, there is an increased interest in environmentally-19 
friendly methods for pest control. Partial host plant resistance could be used as one key 20 
component of integrated management programs but research on plant defense mechanisms 21 
to M. brassicae is rare.  22 
Plant resistance can occur through one or a combination of factors involving 23 
antibiosis, antixenosis and tolerance (Painter, 1951). Host plant resistance can affect insects 24 
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by making plants less attractive or flavourful to insects, which is expressed as reduced 1 
feeding and oviposition (antixenosis), or by having toxic effects that have a negative impact 2 
on insect performance, which is expressed as longer larval development time, mortality and 3 
reduced larval mass (antibiosis). Hence, in order to develop cultivars with durable partial 4 
resistance to M. brassicae, it is essential to understand the mechanisms underlying this 5 
effect. Physical and chemical mechanisms involved in the resistance have been reported for 6 
other Brassica lepidopterous pests like Pieris brassicae (Hasan and Ansari, 2011) and 7 
Plutella xylostella (Verkerk, 1996; Sarfraz, 2007; Hariprasad, 2010; De Bortoli et al., 8 
2013). For M. brassicae, some progress has been made in screening for host-plant 9 
resistance (Picoaga et al., 2003; Cartea et al., 2010). A previous work (Cartea et al., 2009b) 10 
evaluated resistance to this species expressed just as antibiosis in kales (B. oleracea 11 
acephala group). However, little attention has been paid to understanding the mechanisms 12 
involved in the resistance of Brassica crops to this insect. 13 
Plants are known to have evolved a number of physical or chemical mechanisms to 14 
protect themselves from herbivorous insects (Poelman et al., 2009; Ahuja, 2010; Hasan and 15 
Ansari, 2011). Morphological traits such as the plant architecture and phenology , wax and 16 
leaf colour, as well as certain phytochemicals such as glucosinolates, flavonoids, plant 17 
volatiles, or a combination of these factors have been related to plant resistance to 18 
herbivores (Stoner, 1997; Ulmer et al., 2002; Onyilagha et al., 2004; Hariprasad, 2010; 19 
Björkman et al., 2011; Carmona et al., 2011;). Differential responses of plants to different 20 
herbivore species have been found in Brassicaceae (Agrawal and Kurashige, 2003; Hasan 21 
and Ansari, 2011). In these plants, secondary metabolites may provide effective defense 22 
against generalist herbivores, while specialist herbivores may use specific plant chemicals 23 
as a cue to find and even identify their food plants (Agrawal and Kurashige, 2003; 24 
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Beekweelder et al., 2008; Poelman et al., 2008). Recently, it has been reported that physical 1 
plant traits other than secondary metabolites most strongly predicted herbivore 2 
susceptibility (Carmona et al., 2011). Many plant traits vary across ontogenetic stages, 3 
including those involved in defense against herbivores (Boege and Marquis, 2005; Barton 4 
and Koricheva, 2010). As a result, ontogenetic shifts in direct and indirect defense traits 5 
should influence herbivore feeding preferences and provoke changes in the levels of 6 
herbivory experienced by seedlings, juvenile and mature plants (Boege and Marquis, 2005; 7 
Barton and Koricheva, 2010).  8 
As far as we know, the knowledge on antixenosis and antibiosis resistance 9 
mechanisms to M. brassicae and the shifts in plant defense to this pest resulting from plant 10 
ontogeny are poorly understood. For this reason, we tested several cabbage varieties on the 11 
preference and larval performance of M. brassicae at two plant growth stages. Knowing 12 
which categories and mechanisms are involved in pest resistance would be helpful for 13 
breeders in order to improve resistance to M. brassicae.  14 
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Material and methods 1 
Plant material 2 
The following six cabbage varieties were used: MBG-BRS0057, MBG-BRS0409, MBG-3 
BRS0452, MBG-BRS0402 and MBG-BRS0535, representing local varieties widely grown 4 
in NW Spain. The commercial hybrid ‘Corazón de buey’ (Fitó seeds) was also used, 5 
representing cultivated F1 hybrids. Local varieties are landraces kept at the Gene Bank 6 
placed at Misión Biológica de Galicia (MBG-CSIC, Pontevedra, Spain). Varieties were 7 
chosen because of their different level of resistance to M. brassicae under natural and 8 
artificial infestations in previous evaluations (Cartea et al., 2010). In that study, varieties 9 
MBG-BRS0057, MBG-BRS0409 and MBG-BRS0452 were classified as susceptible; the 10 
hybrid ‘Corazón de buey’ and MBG-BRS0535 were classified as resistant; and MBG-11 
BRS0402 was considered to possess intermediate resistance.  12 
 13 
Insect material  14 
Mamestra brassicae eggs were supplied by the Centre de Recherche de Versailles (Institute 15 
National de la Recherche Agronomique, France). The laboratory colony of M. brassicae 16 
was maintained in growth chambers and neonate larvae were reared under laboratory 17 
conditions by using the method of Bucher and Bracken (1976). Freshly hatched larvae (neonates) 18 
were placed onto a wheat germ-based artificial diet for 3-4 days until the infestation date or 19 
bioassays were set up. Therefore, the leaf tissue of cabbage plants was never used as food 20 
source for the larvae. All rearing was carried out at 22 ± 0.5°C and a 16L: 8D photoperiod 21 
and 75% RH. 22 
 23 
Assessment of antibiosis and antixenosis mechanisms 24 
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Non-choice and choice-feeding tests were conducted by using leaf disks and by inspecting 1 
whole plants in the field. Four experiments were conducted: (1) non-choice leaf feeding 2 
bioassay which estimates the survival and larval development rate or leaf antibiosis; (2) 3 
plant non-choice field test which estimates the survival and larval development rate or plant 4 
antibiosis; (3) leaf choice-feeding bioassay which estimates the rate of larval preference or 5 
leaf antixenosis; and finally (4) plant choice field test which estimates the rate of preference 6 
and/or repellency of adults for oviposition or plant antixenosis.  7 
 8 
Antibiosis tests 9 
Experiment 1. Non-choice leaf feeding bioassay  10 
Four-day-old neonate M. brassicae larvae (2rd-instar, 3-4 mg each) were placed in plastic 11 
10cm-diameter-Petri-dishes (one larva per dish) where they were fed on leaves of the six 12 
cabbage varieties ad libitum and reared in the laboratory until they died or pupated. Petri 13 
dishes were lined with Whatman No.1 filter paper and wetted with deionized water to 14 
maintain humid conditions and to prevent leaf disk dehydration. Larvae were fed with leaf 15 
disks taken from plants at two different growth stages: i) the pre-head stage, i.e., before 16 
head formation, from 30-day-old plants after planting; and ii) the head stage, i.e., fully 17 
developed head, from 75-day-old plants after planting, which corresponds to harvest stage. 18 
Twenty-five larvae were individually reared on each variety at the pre-head stage and 50 19 
larvae were at the head stage. On each Petri dish, several leaf disks of 36 mm in diameter 20 
were placed. The number of disks used per dish was variable throughout the experiment 21 
depending on the larval development extent. Fresh cabbage leaves were provided every 22 
two-three days. Larval weights and leaf consumption for each Petri dish were recorded 23 
every 2-3 days until pupation. In order to quantify the amount of leaf area removed due to 24 
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larval herbivory, a visual scale from 1 to 5 was used according to the percentage of leaf 1 
area removed, being 1: leaf without damage, 3: 50% of leaf area removed, and 5: leaf 2 
totally removed (Fig. 1a). Some information was recorded: larval weight; larval mortality; 3 
days to pupa (number of days from the beginning of the experiment until pupal formation); 4 
pupal weight (which was recorded one day after pupation); growth index (GI, being the 5 
ratio of the number of larvae that reached the pupal stage and the time in days to develop 6 
into pupae); pupal mortality; and pupal sex Larval relative growth rate (RGR) was 7 
calculated per each variety by averaging the weights obtained at each day of the feeding 8 
period and according to Waldbauer (1968), by using the formula: RGR = G/TA, where G= 9 
larval weight gain during feeding period by using the formula: maximum larval weight - 10 
initial larval weight; T= duration of feeding period (days) and A= average larval weight 11 
during feeding period. RGR was computed until the maximum larval weight, thus avoiding 12 
the negative weight gains which occur just before pupation. 13 
The sex of the pupae was determined according to external sexual characters by 14 
examining the ventral portion of the last abdominal segments. Larval weight and larval 15 
mortality were recorded every 2-3 days and the experiment continued until all larvae had 16 
either died or pupated. Larvae were checked daily until recording the day on which they 17 
pupated. They were reared in environmental test chambers with a short-day light cycle as it 18 
was previously explained.  19 
Data for larval performance were analyzed separately at each plant stage because 20 
larvae from the second experiment (head stage) were growing slightly faster and were 21 
weighed at different time-points compared to the first experiment. Individual analyses of 22 
variance over time (days after hatching) were performed for larval weight and foliar 23 
consumption at each plant stage. Combined analyses of variance over plant stages were 24 
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performed for pupal weight, time to development and time to larval mortality according to 1 
a completely randomized design. Replications were considered as random factors whereas 2 
plant stages and varieties were considered as fixed factors. Replication × variety interaction 3 
was used as the error term. Comparisons among variety means were made for larval weight 4 
adjusted by an analysis of covariance on the initial weight. Fisher’s protected LSD was 5 
used for mean comparisons. Analyses of variance were performed by using the GLM 6 
procedure of SAS (SAS Institute Inc., 2008). Larval mortality rate and pupal mortality rate 7 
were recorded as a binomial response (alive/dead) for each larva. Thus, differences on 8 
mortality rate among genotypes were studied by using a GLM with binomial distribution 9 
and logit link function. The binomial proportion (i.e., number of dead larvae or pupae/total 10 
larvae or pupae used for each bioassay) was treated as the response variable, whereas 11 
variety and plant stage were the independent variables. Binomial confidence intervals 12 
(95%) of mortality of larvae and pupae were calculated by using the Wilson Score method 13 
(Brown et al., 2001). 14 
 15 
Experiment 2. Plant non-choice field test 16 
The same six cabbage varieties were transplanted in a randomized block design with three 17 
replications in an experimental plot at MBG, Pontevedra (NW Spain) and under isolation 18 
conditions (into isolation cages). Sowing date was on 12 May 2008; transplanting date was 19 
on 24 June 2008; and artificial infestation was on 8 September 2008. Experimental plots 20 
consisted in three rows with 10 plants per row. Rows were spaced 0.8 m apart and plants 21 
were spaced 0.6 m apart within rows. Cultural operations, fertilization and weed control 22 
were made according to local practices for Brassica crops. No pesticides were applied in 23 
the plots to avoid interference with pest development.  24 
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Ten competitive and healthy plants from each plot were randomly selected and 1 
artificially infested at the head formation stage with 10 neonate larvae of M. brassicae per 2 
plant. The infestation was made by carefully placing the larvae of M. brassicae in the 3 
innermost leaves by using a brush as described by Cartea et al. (2010). Infested plants were 4 
examined 21 days after infestation and several damage and morpho-agronomic traits were 5 
recorded for each plant following Padilla et al. (2007b) and Cartea et al. (2010). Plant 6 
damages were assessed in terms of general appearance by using a subjective scale from 1 7 
(completely damaged) to 5 (no damage). The proportion of damaged foliar area in outer 8 
(expressed as leaf damaged area) and inner leaves (expressed as head damaged area) by 9 
using a visual rating scale from 0% (no injury) to 100% (wholly damaged) was also 10 
recorded. The number and weights of larvae of M. brassicae found in outer and inner 11 
leaves were registered. Morphological traits related to head shape were recorded: the ratio 12 
between head length, measured as the distance from the base to the top of the head (cm), 13 
and head diameter, measured on the widest point of the head (cm); core length as the 14 
distance from the base to the top of the core (cm); heading habit by using a scale from 3 15 
(=non-heading), 5 (=semi heading), and 7 (=heading) and leaf wax by using a scale from 5 16 
(=intermediate) to 7 (=abundant), following the IBPGR Brassica and Raphanus descriptor 17 
list (IBPGR, 1990). 18 
An analysis of variance was performed for each trait by using the procedure GLM 19 
of SAS (SAS Institute Inc., 2008) and using varieties and replications as classification 20 
variables. Replications were considered as random effects and varieties were considered as 21 
fixed effects. Comparisons of means among varieties were made by using the Fishers’ 22 
protected LSD at P=0.05. 23 
 24 
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Antixenosis tests 1 
Experiment 3. Leaf choice-feeding bioassay 2 
In order to investigate the preference of M. brassicae larvae for different varieties, a 3 
leaf choice-feeding bioassay was conducted. Leaf disks of equal area (diameter = 36 mm) 4 
were taken from the six cabbage varieties at two development stages: the pre-head and the 5 
head formation, as previously explained for experiment 1. Larvae were released in the 6 
center of each dish and six leaf disks corresponding to the six cabbage varieties were placed 7 
equidistant from the centre of the Petri dish (Fig.1b). Dishes were covered with lids (but not 8 
sealed), therefore leaving the larvae to choose among varieties. At the pre-head stage, the 9 
experiment was conducted for five consecutive days and a total of 30 dishes were used per 10 
day (n= 150 dishes). Each day, neonate M. brassicae larvae with the same age and weight 11 
(~3-4 mg each) were used. At the head stage, the experiment was conducted for seven 12 
consecutive days and a total of 30 dishes were used per day (n= 210 dishes). The 13 
experiment was conducted with one larva per dish. Larval preference was measured by 14 
means of the number of larvae which choose each one of the six varieties 10 min after their 15 
release. Feeding rate was determined as the percentage of d foliated leaf in each disk after 16 
24 hours by using a subjective visual scale from 1 to 5, with 1 being leaf disk without 17 
damage and 5 being totally defoliated. Analyses of variance were carried out for feeding 18 
rate. Plant stages and varieties were considered as fixed effects. Comparisons of means 19 
among varieties were made by means of Fisher’s protected least significant difference 20 
(LSD) method. The analyses were made by using the GLM procedure of SAS (SAS 21 
Institute Inc., 2008). 22 
 23 
Experiment 4. Plant choice field test 24 
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Whether the host plant affects the M. brassicae oviposition or not was also investigated by 1 
assessing the attractiveness of the six cabbage varieties at the whole plant level in a free-2 
choice test. Adult ovipositional preference experiments were conducted in ten isolation 3 
cages (6 × 5 × 4 m) by using a randomized complete design, and each cage was considered 4 
as a replication. Varieties were sown on 12 May 2008 in multipot-trays in the greenhouse 5 
and then they were transplanted into isolation cages at the five-six leaf stage on 24 June 6 
2008 in order to protect plants from any damage caused by other herbivore pests or by 7 
natural populations of M. brassicae. Five plants from each variety were randomly placed in 8 
a cage and 300 plants in total were used in the experiment (i.e., 30 plants in each cage). 9 
Experimental plots consisted in one row with 5 plants per row. Rows were spaced 0.6 m 10 
apart and plants were spaced 0.6 m apart within rows. Approximately 7-8 wk after planting, 11 
a total of 30 adults of almost the same age (≤ 1 day old) were released in 1:1 (male/female) 12 
sex ratio in the middle of each cage to ensure that mating occurred. Adults were allowed to 13 
oviposit over an 8-d period. M. brassicae is a gregarious insect and female moths lay 14 
masses of 20 to 100 eggs on the underside of plant leaves. Adult preference was estimated 15 
as the relative number of egg masses laid by M. brassicae on the underside of the leaves.  16 
After 8 days, the plants were carefully inspected to count the number of egg masses 17 
laid on the leaves. Analyses of variance were carried out for the number of egg masses. 18 
Varieties were considered as fixed effects and replications (cages) were considered as 19 
random effects. Comparisons of means among varieties were made by means of Fisher’s 20 
protected least significant difference (LSD) method. The analyses were made by using the 21 
GLM procedure of SAS (SAS Institute Inc., 2008).  22 
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3. Results  1 
Antibiosis  2 
3.1. Experiment 1. Non-choice leaf feeding bioassay  3 
Antibiosis is the mechanism of resistance that produces adverse effects on the insect 4 
life history when a resistant plant is used for feed. These adverse effects may be a greater 5 
mortality, slower development, lower weight, less successful mating and fewer egg batches 6 
produced. Thus, in order to assess the potential antibiotic resistance, several M. brassicae 7 
life history parameters (i.e., survival, developmental time, larval herbivory, growth rate, 8 
pupal weight) were investigated on all of the six cabbage varieties in a non-choice leaf 9 
feeding bioassay. For a better understanding of the data, they were grouped into three 10 
categories: larval mortality (number of dead larvae and time to death), larval performance 11 
(leaf feeding and growth) and pupal performance (time to development and weight). 12 
 13 
Larval mortality and time to larval mortality 14 
The viability of M. brassicae larvae, measured as mortality rate and days to larval 15 
mortality, was notably affected by both plant development stage and varieties tested (Figs. 16 
2A, 2B). The average percentage of larval mortality rate significantly differed among plant 17 
stages (Wald test = 7.28, P=0.0069) and varieties (Wald test = 47.79, P<0.0001). Larval 18 
mortality rate was higher at the pre-head than at the head stage (36% and 20.67%, 19 
respectively). At the pre-head stage, significant differences for larval mortality rate were 20 
found among varieties (Wald test = 34.91, P<0.0001). The highest mortality rate was found 21 
when larvae were fed on BRS0535 (~ 90%) and on the hybrid ‘Corazón de buey’ (~ 64%). 22 
In contrast, all larvae which were reared on BRS0057 survived and reached the pupal stage 23 
(Fig. 2A).  24 
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At the head stage, larval mortality rate decreased notably and ranged from 10% - 39% (Fig. 1 
2A). Likewise for the pre-head stage, larval mortality also depended on the variety on 2 
which larvae were fed (Wald test = 20.32, P=0.0011). The hybrid ‘Corazón de buey’ and 3 
the local variety BRS0402 appeared to be the least suitable for larval development as they 4 
induced the highest larval mortality (39% and 32%, respectively). A significant decrease (~ 5 
6-fold less) on the mortality rate was noticed for variety BRS0535 as compared to that 6 
found at the pre-head stage (Fig. 2A).  7 
Days to larval mortality ranged from 4 - 12 days when larvae were reared on plants 8 
at the pre-head stage and from 17 - 21 days when they were reared on plants at the head 9 
stage (Fig. 2B). At the pre-head stage, larvae reared on BRS0535, BRS0409 and on the 10 
hybrid ‘Corazón de buey’ died 4-5 days after hatching (Fig. 2B). 11 
 12 
Larval weight and leaf feeding injury 13 
Whether different plant development stages and cabbage varieties affect the larval 14 
growth and the leaf feeding of M. brassicae larvae or not was also assessed. At both plant 15 
growth stages, larval weight increased quickly in the first few days, but increased slowly or 16 
did not increase at all thereafter as larvae entered the pre-pupal stage and therefore, reduced 17 
their activity (Table 1). There were significant differences among varieties at the pre-head 18 
stage at all times except for the last time, 18 days after hatching. Comparisons among 19 
varieties showed that the initial larval growth was the highest in variety BRS0057. 20 
Varieties BRS0535 and ‘Corazón de buey’ had the lowest larval weights during the first 21 
days of the experiment. At the head stage, the same two varieties along with BRS0452 had 22 
the lowest larval growth during the first days (until 18 days after hatching). Larval relative 23 
growth rate (RGR) for each variety at each plant stage was also calculated. RGR values 24 
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were significantly different between plant stages (F1, 317 = 292.1, P<0.0001) and values 1 
were lower for larvae fed with leaves from plants at the head stage than those fed with 2 
plants at the pre-head stage. 3 
At the pre-head stage, RGR values were significantly higher on the hybrid ‘Corazón 4 
de buey’ and on variety BRS0535 (F5, 89= 2.55, P= 0.0033) in comparison to other varieties 5 
(Table 2). For both varieties, values were calculated from a low number of larvae due to 6 
their high larval mortality rates. High RGR values found in these varieties could mean that 7 
those larvae which survive grow more and have higher RGR values than larvae fed on the 8 
other varieties. At the head stage, data were fitted as expected. The highest RGR values 9 
were found for larvae reared on BRS0409 and BRS0057and on BRS0402 (Table 2), which 10 
had been previously classified as susceptible and intermediately resistant, respectively by 11 
Cartea et al. (2010).  12 
With regard to leaf feeding injury, damages were measured by using a visual scale 13 
from 1 to 5. Varieties were significantly different for leaf consumption rate most of the 14 
times that they were tested. At the beginning of both experiments (t=4 days), leaf 15 
consumption was the lowest on ‘Corazón de buey’ and BRS0535 (data not shown). As 16 
larvae grow up, they increase their leaf intake until they attain the pre-pupal stage from 17 
which they begin to decrease their leaf consumption. Larval development time was variable 18 
among varieties and therefore, foliar consumption rates in each variety were also quite 19 
variable every time that they were tested. Hence, we took a given time, t= 15 days after 20 
hatching, which corresponded with an optimal larval developmental stage before pupation, 21 
for a more accurate comparison among varieties. At that time, leaves from the hybrid 22 
'Corazón de buey’ were the least suitable for the insect at both stages and leaves of the local 23 
variety BRS0535 were the least consumed by M. brassicae larvae at the pre-head stage, 24 
Page 15 of 49 Annals of Applied Biology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
16 
 
while the other varieties had values close to 5, which means that they were highly suitable 1 
for M. brassicae larvae (Fig. 3). At this time, larvae fed on BRS0452 and on the hybrid 2 
‘Corazón de buey’ were the lightest at the head stage, whereas larvae fed on BRS0535 had 3 
the lowest weights at the pre-head stage; once again, this variety was noted for its high 4 
resistance to M. brassicae at this growth stage. 5 
 6 
Pupal performance: time to pupation, pupal weight and viable pupae 7 
Development time until pupation varied significantly depending on the plant stage 8 
and variety. When larvae were fed on leaves taken at the pre-head stage, they reached the 9 
pupal stage significantly faster compared to those reared on leaves taken at the head stage 10 
(14.7 vs. 23.4 days, respectively). At the pre-head stage, it was found that development time 11 
was similar on the varieties that we tested (F5, 90 = 1.40, P=0.23), but varieties affected 12 
pupal weight significantly (F5, 89 = 2.55, P=0.0033). At the head stage, varieties differed 13 
significantly in time to pupation (F5, 226 = 25.64, P< 0.0001) and pupal weight (F5, 225 = 14 
5.02, P= 0.0002). At that stage, the overall duration of larval development was 15 
significantly shorter on BRS0409 and significantly longer on the hybrid ‘Corazón de buey’ 16 
and BRS00452 (Table 2). According to these data, BRS0409 would be the most susceptible 17 
variety whereas ‘Corazón de buey’ and BRS0452 would be the most resistant.  18 
Pupal weight differed significantly between growth stages (F1, 314= 195.24, 19 
P<0.0001). Pupae (both males and females) were heavier at the head than at the pre-head 20 
stage (552.2 mg vs 401.0 mg, respectively). Varieties did not follow the same pattern at 21 
each growth stage. At the pre-head stage, pupal weights for larvae reared on BRS0409 and 22 
BRS0452 were significantly lower than those for larvae reared on BRS0535 and ‘Corazón 23 
de buey’, but not on BRS0057 or BRS0402. Larvae reared on BRS0535 were significantly 24 
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heavier than those reared on all the other varieties, except on ‘Corazón de buey’ (Table 2). 1 
At the head stage, pupal weight for larvae reared on BRS0402 was significantly lower than 2 
those for larvae reared on BRS0535, ‘Corazón de buey’ and BRS0057. Data obtained for 3 
BRS0535 at the pre-head stage must be taken with caution, as most larvae did not reach the 4 
pupal stage and thus, data were only taken from three larvae. High values for pupal weight 5 
found in BRS0535 could indicate that those few larvae that survived have a greater ability 6 
to feed and develop.  7 
For a more thor ugh comparison among varieties, the degree of larval development 8 
on each variety was expressed in terms of larval growth index (GI), which represents the 9 
ratio between the total number of individuals pupating and the average duration of larval 10 
period. Plants with a higher degree of resistance will have the lowest GI values. In 11 
agreement, the lowest GI values were obtained with larvae that consumed leaves from the 12 
local variety BRS0535 and ‘Corazón de buey’ at the pre-head stage. The commercial 13 
hybrid ‘Corazón de buey’ was also the most resistant based on its GI value at the head stage 14 
(Fig. 2C). In contrast, the highest GI values were obtained with larvae that consumed leaves 15 
from BRS0057 at the pre-head stage, and consumed leaves from BRS0057 and BRS0409 at 16 
the head stage. 17 
A high percentage of pupal mortality was found at the pre-head stage, which means 18 
that adults will never hatch. The highest percentage of pupal mortality was found for larvae 19 
reared on BRS0402 (53%) and on BRS0452 (44%). At the head stage, this percentage 20 
declined drastically in all varieties and the highest mortality rates were found in BRS0535 21 
and BRS409 (Fig. 2D). With regard to pupal sex, the average weight of female pupae was 22 
significantly higher than that recorded in male pupae both at the pre-head stage (F1, 87= 23 
6.19, P= 0.0147) and the head stage (F1, 221= 34.27, P<0.0001) in all varieties tested. At the 24 
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pre-head stage, the means for pupal weights were 419.14 ± 12.05 for females and 388.16 1 
±8.65 males, whereas at the head stage, the means for pupal weights were 574.31 ± 6.36 for 2 
females and 532.29 ± 5.89 for males. 3 
The hybrid ‘Corazón de buey’ appeared to be the most resistant at both plant growth 4 
stages. When larvae fed on the hybrid ‘Corazón de buey’, mortality was higher, 5 
development was longer and pupae had smaller body mass. At the first growth stages (prior 6 
to head formation), BRS0535 showed the highest and fastest larval mortality rate, the 7 
lowest values for GI index, which is related to time to pupation and the number of larvae 8 
reaching pupal stage, as well as the lowest leaf feeding injury and larval weight 15 days 9 
after hatching. Variety BRS0535 was highly resistant at the pre-head stage, but its 10 
antibiotic effect (except for pupal mortality) declined drastically as it grew and formed 11 
heads. This is a further indication that the ontogeny of the plant is a key factor in plant-12 
insect relationships. In fact, when larvae were fed on leaves from plants at the pre-head 13 
stage, larval mortality was higher and faster, time to pupation was shorter, pupae were 14 
lighter and the percentage of viable pupae and GI values were lower than larvae fed on 15 
leaves from plants at the head stage. 16 
 17 
3.2. Experiment 2. Plant non-choice field test  18 
Plant antibiosis was also investigated by using a non-choice field test at a whole 19 
plant level under field artificial infestation with M. brassicae larvae. Seven traits related to 20 
damage and four traits related to plant morphology were taken in order to have a better 21 
understanding of the attributes of the varieties tested (Table 3).  22 
Cabbage varieties differed significantly in general appearance (F5, 10= 13.79, 23 
P=0.0060), percentage of damaged outer leaves (F5, 10= 13.32, P= 0.0133), percentage of 24 
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damaged head area (F5, 10= 15.05, P=0.0106), number of M. brassicae larvae on outer 1 
leaves (F5, 10= 11.34, P=0.0093) and on heads per plant (F5, 10= 1.16, P=0.0029), and M. 2 
brassicae larval weight on outer leaves (F5, 10= 1.83, P=0.0325) and on heads per plant (F5, 3 
10= 1.83, P=0.0021). Most local varieties were highly susceptible to M. brassicae based on 4 
their general appearance and the percentage of area consumed in heads and outer leaves 5 
(Table 3). M. brassicae larvae can feed evenly on outer leaves as well as on the innermost 6 
heart leaves which form a firm center. Thus, data for leaf-feeding damage, larval abundance 7 
and larval weight were taken separately in outer leaves and inner leaves, bearing in mind 8 
that the damage caused in heads is the most significant since it represents the marketable 9 
organ. Less damage in terms of the percentage of head area damaged by larvae was found 10 
on the hybrid ‘Corazón de buey’ and on the local variety BRS0535. Moreover, these 11 
varieties had the best values for plant general appearance (~4 in a scale from 1 to 5), as well 12 
as the least damage caused by larvae on outer leaves (Table 3). Therefore, they can be 13 
classified as resistant. In contrast, BRS0057, BRS0409 and BRS0402 showed the lowest 14 
values for general appearance due to the intensive feeding in the hearts of the cabbages 15 
(inner leaves). Otherwise, varieties BRS0057 and BRS402 were the most suitable for larval 16 
development as larvae found both in their heads and outer leaves were the heaviest. Finally, 17 
the highest number of M. brassicae larvae was found on BRS0409 and BRS0452.  18 
Regarding morpho-agronomic attributes, the commercial hybrid showed waxier 19 
leaves, more compact and rounder heads and better crop uniformity for heading habit than 20 
local varieties (Table 3). Most local varieties had longer heads than the commercial hybrid 21 
according to their elliptical shape. They showed a large intra-varietal variability for the 22 
formation of heads and some of them did not form compact heads (Table 3). This intra-23 
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variability for heading habit on cabbage local varieties was already described in a previous 1 
study by Padilla et al. (2007a).  2 
 3 
Antixenosis 4 
3.3. Experiment 3. Leaf choice-feeding bioassay 5 
Larval preference was evaluated in a leaf choice-feeding bioassay by using leaf 6 
disks of the six cabbage varieties. Relative larval preference for different varieties was 7 
determined by offering them the six varieties at the same time. In order to determine if any 8 
of the six varieties evaluated would be preferred by larvae, the sequence of larval 9 
movement and the larval feeding behavior in each leaf disk were recorded. The choice of a 10 
particular variety by larvae was assessed by recording the first variety visited by them. At 11 
the pre-head stage, the commercial hybrid ‘Corazón de buey’ was the most preferred 12 
compared to the other varieties examined (more than 20% of larvae chose this variety first). 13 
In contrast, BRS0402 was the least preferred by M. brassicae larvae (Fig. 4). The other 14 
varieties had similar values which mean that larvae did not discriminate between them at 15 
this growth stage. At the head stage, BRS0535 was the most preferred variety (more than 16 
20% of total larvae), while the other varieties were chosen at a similar rate (Fig. 4). The 17 
percentage of larvae which did not exercise any discrimination among varieties (non-18 
choice) was low at both plant growth stages, thus suggesting that both stages are suitable to 19 
discriminate differential antixenosis levels among varieties. Varieties BRS0057 and 20 
BRS0535 were more preferred by larvae at the head stage than at the pre-head stage 21 
whereas the hybrid ‘Corazón de buey’ was more preferred by larvae at the pre-head stage 22 
than at the head stage. 23 
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The choice of a particular variety by larvae does not give us any idea about their 1 
preference for consumption. In order to ascertain this, the relative feeding rate of larvae on 2 
different varieties was measured. Even though varieties had values close to 2 on the 3 
subjective scale from 1 to 5, varieties differed significantly for feeding rate at both the pre-4 
head (F5, 444= 3.17, P=0.0081) and the head (F5, 624= 5.35, P<0.0001) stages (Fig. 4). The 5 
hybrid ‘Corazón de buey’ had the lowest leaf feeding rate at both plant stages, whereas 6 
BRS0409 and BRS0535 were the most damaged at the pre-head and the head stages. 7 
 8 
3.4. Experiment 4: Plant choice field test 9 
Adult ovipositional preference of M. brassicae was investigated in a free-choice 10 
situation in whole plant preference tests by using cabbage plants at the head stage. Plants 11 
from three cages were not used due to the critical conditions of the plants, which were 12 
severely affected by whiteflies and aphids. Therefore, data were recorded on seven cages 13 
and on 5 plants per variety in each cage. Varieties varied significantly as preferred hosts for 14 
M. brassicae. Significant differences were found among them for the mean number of egg 15 
masses (F5, 30 = 15.66, P< 0.0001) deposited on the underside of leaves. Among varieties, 16 
BRS0409 and BRS0452 plants were highly preferred by ovipositing females as M. 17 
brassicae laid significantly more eggs than on any other varieties tested (Fig. 5). In 18 
contrast, BRS0535, BRS0402 and the commercial hybrid ‘Corazón de buey’ received 19 
relatively few eggs. Females laid approximately 4-fold more eggs on BRS409 and 20 
BRS0402 than on the commercial hybrid. The second least preferred variety for oviposition 21 
was BRS0535. In this case, females laid approximately 2-fold fewer egg masses on plants 22 
from this variety than on BRS0409 and BRS0402.   23 
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Discussion 1 
The role of antibiosis in resistance to Mamestra brassicae 2 
Antibiosis refers to adverse biological consequences to the life history of an insect 3 
due to feeding on a resistant host. The effects may be death, reduced growth, low weight, 4 
reduced fecundity, extended life cycle and abnormal behavior. The category antibiosis is 5 
usually estimated by conducting bioassays in which the target insect is reared on the 6 
vegetative part of the plant of interest. In the present study, non-choice leaf feeding test 7 
allowed us to discriminate among varieties according to their adverse effects on the 8 
development and survival of M. brassicae, thus providing a measure of their antibiotic 9 
resistance. Two varieties, ‘Corazón de buey’ and BRS0535, which were previously 10 
identified as resistant to this pest under field conditions (Cartea et al., 2009b), appeared to 11 
be the least suitable food plant for larval development in general and therefore, they 12 
exhibited greater antibiotic effect.  13 
It has been reported that shorter development times and higher rates of reproduction 14 
with low insect mortality rates on a host indicate low levels of antibiosis, whereas higher 15 
larval mortality rates and longer development times indicate greater host antibiosis (Dosdall 16 
and Ulmer, 2004; Hasan and Ansari, 2011). Our findings indicated that survival and 17 
mortality rate, larval development period and pupal weight differed on varieties tested. 18 
Based on these traits, the greatest levels of antibiotic resistance were observed in a local 19 
variety from NW Spain, BRS0535 (at the pre-head stage) and the commercial hybrid 20 
‘Corazón de buey’ (at both plant growth stages). In contrast, all larvae reared on BRS0057 21 
survived and reached the pupal stage; thus, this variety could be considered as susceptible 22 
based on these two criteria. Mortality was assessed by using leaf disks and thus, differences 23 
in larval survival would only be attributed to differences in leaf chemical composition 24 
Page 22 of 49Annals of Applied Biology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
23 
 
and/or leaf physical traits, but not to plant attributes. Preliminary studies did not suggest an 1 
effect of glucosinolates in the defense (Cartea et al., 2010). Therefore, further studies 2 
would be needed in order to identify which biochemical compounds, besides 3 
glucosinolates, may be responsible for the antibiotic effect found in some varieties.  4 
Pupal weight is a strong indicator of adult fitness as there were more egg batches 5 
laid by females from heavier pupae, consequently affecting the potential growth rate of the 6 
population (Agrawal and Kurashige, 2003). Pupal weight is directly dependent on reserves 7 
stored at larval stage and pupae with low weights appear when growing conditions, 8 
including food quality, are unfavorable in the larval stage. In our study, pupal weight was 9 
significantly higher for larvae reared on BRS0057 at the head stage, although this variety 10 
was not significantly different from that of larvae reared on BRS0535 and the hybrid 11 
‘Corazón de buey‘, suggesting that these varieties would be the most suitable for larval 12 
development. At the pre-head stage, most larvae fed on BRS0535 died before reaching the 13 
pupal stage and thus, data must be considered with caution. Low pupal weight has been 14 
associated with a more rapid development time. However, our data did not suggest a 15 
relationship between lower pupal weight and a shorter development period but with pupal 16 
sex. Female pupae were heavier than male pupae developed on both plant stages and these 17 
results agree with Telang’s findings (2001) who states that female larvae in Lepidoptera 18 
species attain greater size by ingesting food at a greater rate, a feature that has been 19 
attributed to the role of producing eggs. 20 
Most studies on antibiosis have been developed by using leaf disks and, to a lesser 21 
extent, by evaluating plant antibiosis at a whole plant level with artificial infestations. Here, 22 
we also assessed the effects of allowing larvae to feed as they do naturally rather than 23 
placing single larvae on leaf disks, in order to get information about the plant-insect 24 
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relationship at the whole plant level. Cabbage plants can tolerate some leaf feeding damage 1 
before head formation but as larvae grow, they move to the center of the plant, and bore 2 
into the cabbage head, which reduces product marketability (Shelton et al., 1990). Plant 3 
tissue consumption by insect herbivores is a good indicator of food plant suitability, as 4 
plants provide nutrients and/or defensive chemicals utilized by herbivores. The scale of 5 
percentages of damaged foliar area used in our study allowed us to discriminate damage on 6 
the different varieties. Moreover, this scale provides information about the number and size 7 
of the lesions caused by larvae feeding. A similar scale was successfully used in order to 8 
evaluate leaf damage caused by M. brassicae in cabbage (Seljåsen and Meadow, 2006) and 9 
in kale crops (Cartea et al., 2010). Antibiosis was manifested through lower leaf feeding 10 
injury and lower survival and weight of M. brassicae larvae. For instance, resistance in the 11 
two varieties, ‘Corazón de buey’ and BRS0535, was confirmed three weeks after their 12 
infestation in terms of head foliage consumption. These findings support those found in the 13 
previous non-choice leaf feeding test as well as the recent study by Cartea et al. (2010) 14 
where both varieties also stood out for their resistance at plant level. 15 
Several factors like plant and head shape, plant and head size, head compactness or 16 
a combination of all of these factors can modulate the resistance to lepidopterous pests 17 
(Onyilagha et al., 2004; Sarfraz, 2006). The morphological differences among varieties and 18 
between the commercial hybrid and local varieties found in this work may also be involved 19 
in the suitability for M. brassicae and could partially explain the differences in resistance. 20 
In fact, those varieties with more compact heads, such as ‘Corazón de buey’ and BRS0535 21 
would be more resistant, as larvae have more difficulty to penetrate into the head. The 22 
commercial hybrid showed better crop uniformity for heading habit and waxier leaves than 23 
the local varieties. Leaf wax content has shown to be related to pest resistance, with glossy 24 
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phenotypes showing more resistance to Lepidoptera pests (Eigenbrode, 1998; Hariprasad, 1 
2010). The varieties tested are open-pollinated landraces which have not undergone any 2 
selection or improvement for yield, uniformity or pest resistance, whereas some selection 3 
for resistance to biotic stresses could occur into commercial types.  4 
In summary, field assessment under artificial infestation conditions showed that 5 
some varieties had partial resistance based on antibiosis mechanisms. These findings agree 6 
with those found in leaf antibiosis tests. The highest levels of resistance were observed in 7 
the commercial hybrid ‘Corazón de buey’. Commercial hybrids had been improved for 8 
different features, including resistance to different herbivorous pests and this could partially 9 
explain the resistance observed for ‘Corazón de buey’ throughout its development. 10 
Generally speaking, performance of varieties was very similar under laboratory and field 11 
conditions for antibiosis resistance.  12 
 13 
The role of antixenosis in resistance to Mamestra brassicae 14 
Non-preference refers to the lack of attractiveness of a host as food and shelter for 15 
an insect. In leaf choice-feeding tests, the initial attraction or repellence to larvae is only 16 
due to olfactory stimuli. Plant architecture or other morphological parameters are not 17 
involved in the choice. In the case of M. brassicae, few studies have examined the effect of 18 
host plants on the developmental stages or on the overall performance of this species. Our 19 
findings showed that BRS0402 could be classified as non-preferred variety because it was 20 
the least preferred by M. brassicae larvae at both plant stages. 21 
In a previous field evaluation under natural and artificial infestation with M. 22 
brassicae larvae, this variety had shown intermediate resistance (Cartea et al., 2010). 23 
Otherwise, the hybrid ‘Corazón de buey’ could be classified as resistant as it was the least 24 
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damaged variety based on leaf feeding rate at both plant stages albeit it was the most 1 
preferred for larvae at the pre-head stage. Therefore, we conclude that antixenosis is present 2 
in these two varieties.  3 
In recent years, most of the investigations pertaining to insect oviposition behavior 4 
and related chemical aspects of Brassica plants have been focused on other herbivores like 5 
Pieris spp. and P. xylostella (Renwick et al., 2006; Ahuja, 2010) with few studies on M. 6 
brassicae (Rojas et al., 2000; Ahuja, 2010). Polyphagous moths, such as M. brassicae, 7 
have a wide range of potential host plants, but they are nonetheless selective in choice of 8 
host plants (Rojas et al., 2000). In our study, we investigated the oviposition behavior of M. 9 
brassicae on its reportedly most preferred host, namely cabbage. Thus, discrimination 10 
among varieties could be more complex compared to other studies including crops from the 11 
same species or even different genus or families (Rojas et al., 2000). Oviposition tests 12 
demonstrated that resistance of some varieties could be based on antixenosis mechanisms 13 
as they resulted in fewer egg batches on plants. This was found for the varieties ‘Corazón 14 
de buey’ and BRS0535, which had been previously highlighted by their antibiotic 15 
resistance in non-choice tests.  16 
It is generally known that various plant qualities influence host plant selection in 17 
herbivorous insects, but plant chemistry may be especially important. Besides chemical 18 
factors, plant phenotype may also affect insect oviposition and preference. In our study, the 19 
role of plant architecture (plant height) as well as characteristics of leaves (leaf number, 20 
leaf size, leaf wax and leaf colour) might have influenced the oviposition of M. brassicae 21 
females. As previously explained, local varieties produced large plants with large and 22 
numerous leaves arranged in several tiers that offer wide surfaces for oviposition. In 23 
contrast, the commercial hybrid produces a large rosette of leaves which are tightly packed, 24 
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forming more compact heads, compared to the local varieties, thus offering less foliage 1 
surface for oviposition and for the establishment of neonate larvae. A previous work 2 
(Padilla et al., 2007b) also showed that ‘Corazón de buey’ plants were shorter, less 3 
vigorous and had fewer leaves and less leaf area than local varieties. All these factors could 4 
explain the differences found among varieties for the ovipositional preference and the 5 
reduced preference recorded on ‘Corazón de buey’. 6 
In summary, the cabbage varieties tested were significantly different for oviposition 7 
preference, larval preference and leaf-feeding of M. brassicae in plant choice field tests and 8 
leaf choice-feeding bioassays, thus affecting immature larvae and adult performance. Both 9 
tests proved to be valuable methods to identify the most preferred varieties by adults and 10 
larvae. 11 
 12 
The role of plant ontogeny in resistance to Mamestra brassicae  13 
It is known that chemical and physical defenses against herbivores often change 14 
dramatically as a plant develops, since the plant undergoes a balance between defense and 15 
development (Boege and Marquis, 2005; Barton and Koricheva, 2010). Our data showed 16 
significant differences between the two plant growth stages tested for most biological 17 
parameters of M. brassicae as well as for leaf feeding injury in both leaf choice and non-18 
choice leaf feeding bioassays. Changes that occurred throughout the plant growth clearly 19 
affected rate and time to larval mortality, development time, RGR and GI values and pupal 20 
weight of M. brassicae larvae in non-choice tests, as well as larval preference and leaf 21 
feeding consumption in leaf choice-feeding tests. As a result, when larvae were fed on 22 
leaves from plants at the pre-head stage (from 30-day-old plants after planting), larval 23 
mortality was higher, larvae died faster, time to pupation was shorter, pupae were lighter 24 
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and the percentage of viable pupae and GI values were lower than when larvae were fed on 1 
leaves from plants at the head stage (from 75 day-old plants after planting). Therefore, we 2 
can conclude that cabbage plants are less suitable for larval development of M. brassicae at 3 
the first developmental stages (prior to head formation). 4 
We found significant differences in the resistance of cabbage varieties depending on 5 
the plant ontogeny and this finding was remarkable for variety BRS0535 in the non-choice 6 
leaf feeding test. The antibiotic effect shown by BRS0535 in their first plant developmental 7 
stages (prior to head formation) requires further research in order to investigate possible 8 
anatomic or antibiotic factors involved in this resistance. Some intrinsic leaf attributes, such 9 
as chemical composition (e.g. glucosinolates or phenolic compounds) or morphological 10 
traits widely reported as key factors in resistance to biotic stress, could probably help to 11 
elucidate this high resistance level at this growth stage and how it decreases as the plant 12 
develops. Hypotheses based on allocation theory and herbivore selection patterns predict 13 
that defense should increase or decrease, respectively, across ontogeny, and previous 14 
research partly supports both predictions (Barton and Koricheva, 2010). A hypothesis that 15 
could be raised to explain this difference in antibiosis depending on the plant growth stage 16 
is that antibiotic effects are greater when plants are young because they have a higher risk 17 
of death from the herbivore attack. In the early stages of plant development, leaves are 18 
smaller and, thereby, they can support lesser loads of insects. In summary, our study 19 
supports the influence of plant ontogeny on M. brassicae preference and leaf feeding and 20 
these findings will be valuable when searching for sources of resistance in cabbage or other 21 
crucifers to M. brassicae. 22 
To conclude, our data showed that both antixenosis and antibiosis mechanisms are 23 
jointly involved in resistance to M. brassicae in cabbage crops. Non-choice tests indicated 24 
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that leaf antibiosis resistance plays a role in defense against this pest, but it was not the only 1 
mechanism of resistance. Some varieties exhibited antibiosis to M. brassicae as they 2 
reduced its survival and growth and delayed its development time. Among them, the 3 
commercial hybrid ‘Corazón de buey’ was the most resistant along with the local variety 4 
BRS0535 prior to head formation stage. The same varieties showed the least leaf-feeding 5 
injury and the best general appearance at the whole plant level under artificial infestation. 6 
Oviposition tests demonstrated that resistance found in ‘Corazón de buey’ and BRS0535 in 7 
a precious work by Cartea et al. (2010) could be also based on the antixenosis mechanism, 8 
even if these varieties were among the most preferred by larvae in leaf choice tests. 9 
Mechanisms that accounted for differences in M. brassicae larval performance could be 10 
attributed to the biochemical and physical characteristics of varieties tested. Further studies 11 
are required to describe the underlying chemical or morphological processes responsible for 12 
resistance to M. brassicae.   13 
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Legends  1 
 2 
Table 1. Means ± SE of larval weight (mg) adjusted by initial larval weight of Mamestra 3 
brassicae larvae fed on leaves of six cabbage varieties recorded at a 2-3-day interval (W1 – 4 
W12) at two plant growth stages. The number of larvae weighed each time for each variety 5 
and plant stage is shown in brackets. 6 
 7 
Table 2. Mean ± SE for time to pupation from the onset of the experiment, pupal weight 8 
and larval relative growth rate (RGR) of Mamestra brassicae larvae reared on six cabbage 9 
varieties at the pre-head and the head stages. The number of individuals used for each mean 10 
is shown in brackets. 11 
 12 
Table 3. Means for damage and morphological traits for six cabbage varieties evaluated in 13 
2008 in northwestern Spain under artificial infestation with Mamestra brassicae eggs.  14 
 15 
Figure 1. Damage scale from 1 to 5: 1 (leaf without damage), 3 (50% of leaf area removed) 16 
and 5 (leaf completely removed) used to evaluate leaf feeding by Mamestra brassicae 17 
larvae (A). Leaf damages on six cabbage varieties by Mamestra brassicae larvae in choice-18 
feeding bioassay (B). 19 
 20 
Figure 2. Larval mortality rate (A), time to larval mortality from the onset of the 21 
experiment (B), larvae growth index (C) and pupal mortality rate (D) of Mamestra 22 
brassicae larvae fed on leaves of six cabbage varieties at the head and the pre-head stage. 23 
Error bars are ± SE (P < 0.05) for time to larval mortality. Error bars indicate 95% 24 
confidence intervals (P < 0.05) for larval and pupal mortality rates. Binomial confidence 25 
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intervals (95%) of mortality of larvae and pupae were calculated by using the Wilson Score 1 
method (Brown et al., 2001). 2 
 3 
Figure 3. Larval weight and leaf feeding injury (recorded as damage scale from 1 to 5) 15 4 
days after hatching of Mamestra brassicae larvae fed on leaves from six cabbage varieties 5 
at the pre-head (30-day-old plants) (n= 150 larvae) (A) and at the head stage (75-daysday-6 
old-old plants (n=300 larvae) (B). Bars sharing different letters are significantly different at 7 
P≤0.05. Damage scale from 1 to 5 where 1 (leaf without damage), 3 (50% of leaf area 8 
removed), and 5 (leaf completely removed). 9 
 10 
Figure 4. Preference, expressed as mean percentage of larvae which visited a variety first 11 
(bars) and leaf feeding injury (recorded as damage scale from 1 to 5) (lines) of Mamestra 12 
brassicae larvae fed on leaves from six cabbage varieties in disk choice tests at the pre-13 
head stage (n=150 larvae) and the head stage (n= 210 larvae). Damage scale from 1 to 5 14 
where 1 (leaf without damage), 3 (50% of leaf area removed), and 5 (leaf completely 15 
removed). Error bars indicate 95% confidence intervals (P < 0.05). 16 
 17 
Figure 5. Ovipositional preference by Mamestra brassicae in field choice tests on different 18 
cabbage varieties. Data were recorded from 35 plants per variety. Error bars are ±SE (n=7). 19 
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Table 1. Means ± SE of larval weight (mg) adjusted by initial larval weight of Mamestra brassicae larvae fed on leaves of six cabbage varieties 
recorded at 2-3 days interval (W1 – W12), at two plant growth stages. The number of larvae weighed at each time for each variety and plant stage is 
shown in brackets 
 
 
Varieties W1 (4d) W2 (7d) W3 (10d) W4 (12d) W5 (15d) W6 (18d) W7 (21d) a W8 (23d) W9 (25d) W10 (28 d) W11 (30d) 
Prehead stage            
BRS0057 20.01 ± 1.03 
(25) 
82.85 ± 6.20 
(25) 
435.82 ±10.52  
(25) 
698.3 ± 16.53 
(25) 
525.51 ± 20.27 
(20) 
575.71b 
(1) 
- - - - - 
BRS0409 16.98 ± 1.10 
(23) 
77.50 ± 4.47 
(23) 
377.50 ± 10.21 
(23) 
701.38 ± 30.03 
(22) 
493.08 ± 16.45 
(19) 
492.41b 
(1) 
- - - - - 
BRS0452 16.04 ± 0.95 
(24) 
66.12 ± 3.52 
(24) 
366.12 ± 11.36 
(24) 
643.55 ± 19.98 
(22) 
492.65 ± 13.99 
(18) 
- - - - - - 
BRS0402 16.70 ± 1.20 
(25) 
70.40 ± 5.45 
(24) 
370.40 ± 15.21 
(24) 
661.78 ± 31.26 
(23) 
535.88 ± 17.48 
(20) 
- - - - - - 
BRS0535 7.72 ± 1.26 
( 9) 
11.13 ± 1.76 
( 4) 
111.13 ± 5.61 
(4) 
185.25 ± 24.14 
(4) 
653.18 ± 61.78 
(4) 
519.60 ± 26.19 
(4) 
- - - - - 
C. de Buey 13.92 ± 1.50 59.66 ± 9.92 259.66 ± 14.54 466.77 ± 64.83 709.73 ± 46.05 572.95 ± 49.91 - - - - - 
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(13) (12) (11) (11) (9) (6) 
LSD 3.36 20.01 45.62 98.08 69.32 319.8      
 
Head stage            
BRS0057 17.53 ± 0.72 
(50) 
71.88 ± 3.65 
(49) 
254.71 ± 10.01 
(49) 
313.86 ± 11.32 
(49) 
524.42 ± 10.29 
(48) 
1024.58 ± 25.61 
(48) 
701.99 ± 19.28 
(45) 
693.05 ± 23.22 
(17) 
803.22 b 
(1) 
- - 
BRS0409 15.66 ± 0.77 
(50) 
61.12 ± 4.12 
(50) 
298.62 ±11.04  
(50) 
429.18 ± 21.48 
(48) 
714.44 ± 27.30 
(48) 
722.62 ± 29.82 
(38) 
633.87 ± 26.48 
(13) 
573.85 ± 39.50 
(2) 
698.03 b 
(1) 
557.81 b 
(1) 
538.10 b 
(1) 
BRS0452 9.81 ± 0.56 
(49) 
29.73 ± 2.28 
(49) 
130.50 ±12.41  
(49) 
162.05 ± 11.46 
(48) 
363.24 ± 21.64 
(48) 
877.29 ± 27.23 
(48) 
781.44 ± 22.10 
(44) 
664.9 ± 15.64 
(32) 
609.26 ± 45.67
(11) 
679.55 ± 10.27
(2) 
797.10 b 
(1) 
BRS0402 18.84 ± 0.83 
(50) 
66.65 ± 4.42 
(50) 
210.73 ± 9.51 
(50) 
308.85 ± 14.50 
(50) 
625.19 ± 18.57 
(50) 
804.06 ± 27.05 
(39) 
639.55 ± 19.93 
(23) 
605.72 ± 22.47 
(6) 
466.10 b 
(1) 
- - 
BRS0535 12.57 ± 0.75 
(48) 
46.77 ± 3.37 
(46) 
158.59 ± 6.25 
(46) 
270.63 ± 19.08 
(45) 
561.75 ± 23.37 
(43) 
917.04 ± 24.96 
(43) 
676.96 ± 23.61 
(39) 
645.47 ± 13.31 
(13) 
629.35± 52.75 
(2) 
672.59 b 
(1) 
570.70 b 
(1) 
C. de Buey 13.05 ± 0.51 
(49) 
39.98 ± 1.81 
(49) 
95.88 ± 5.12 
(49) 
184.90 ± 10.73 
(49) 
406.18 ± 20.07 
(49) 
826.77 ± 27.48 
(41) 
796.39 ± 18.12 
(38) 
695.66 ±20.00 
(30) 
702.98 ± 47.42
(10) 
642.22 ± 42.98
(6) 
555.75  ± 8.55 
(2) 
LSD 1.95 9.53  42.39 58.71 81.77 78.99 101.1 342.15 424.65 203.24 
 
a
 Larvae which fed on varieties at pre-head stage pupated before 21 days. 
b 
Standard errors were not calculated because only one weight data per variety at this time.  
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Table 2. Mean ± SE for time to pupation from onset of the experiment, pupal weight and larval relative growth rate (RGR) of 
Mamestra brassicae larvae reared on six cabbage varieties at pre-head and head stages. The number of individuals used for each mean 
is shown in brackets. 
 
Pre-head stage Head stage 
Varieties  
Time to 
pupation Pupal weight RGR
a
 
Time to 
pupation Pupal weight RGR
a
 
 (days) (mg) (g×g
-1
. d
-1
) (days) (mg) (g×g
-1
. d
-1
) 
BRS0057 14.7 ± 1.4 
(25) 
404.6 ± 71.5 bc 
(24) 
0.176 ± 0.03 c 
(25) 
23.6 ± 1.3 b 
(45) 
588.9 ± 76.9 a 
(45) 
0.132 ± 0.028 ab 
(45) 
BRS0409 14.3 ± 0.8 
(22) 
384.5 ± 80.5 c 
(22) 
0.186 ± 0.03 bc 
(22) 
21.2 ± 2.4 d 
(42) 
532.2 ± 79.4 bc 
(42) 
0.138 ± 0.023 a 
(42) 
BRS0452 14.78 ± 0.6 
(18) 
370.2 ± 64.2 c 
(18) 
0.168 ± 0.01 c 
(18) 
24.9 ± 2.1 a 
(43) 
542.7 ± 55.8 bc 
(42) 
0.127 ± 0.023 b 
(43) 
BRS0402 14.8 ± 0.8 
(19) 
391.4 ± 69.5 bc 
(19) 
0.168 ± 0.02 c 
(19) 
22.1 ± 2.1 c 
(33) 
524.4 ± 61.5 c 
(33) 
0.134 ± 0.025 ab 
(34) 
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BRS0535 16.0 ± 0.0  
(3) 
472.7 ± 79.3 a 
(3) 
0.21 ± 0.006 a 
(3) 
23.3 ± 1.12 b 
(40) 
562.0 ± 60.2 ab 
(40) 
0.115 ± 0.015 bc 
 (40) 
C. de buey  14.67 ± 2.0  
(9) 
457.2 ± 80.2 ab 
(9) 
0.20 ± 0.032 ab 
(9) 
25.7 ± 2.75 a 
(29) 
561.0 ± 60.1 ab 
(29) 
0.110 ± 0.021 c 
(29) 
 
 Data followed by the same letter within the same column are not significantly different by LSD mean separation, P> 0.05 
a 
RGR was calculated using the formula: RGR = G/TA, where G= weight gain of larva during feeding period by using the formula: 
maximum larval weight- initial larval weight; T= duration of feeding period (days) and A= average larval weight during feeding 
period.  
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Table 3. Means for damage and morphological traits for six cabbage varieties evaluated in 2008 in northwestern Spain under artificial 
infestation with Mamestra brassicae eggs.  
Varieties 
 
General 
appearance
a
 
Leaf area 
damaged
b
 
Head 
area 
damaged
c
 
Larval 
weight 
(leaves) 
Larval 
weight 
(heads) 
Larvae 
on 
leaves 
Larvae 
on 
heads 
Heading 
habit
d
 
Head 
shape
e
 
Core 
length 
 
Leaf 
wax
f 
 
(1-5) (%) (%) (mg/larva) (mg/larva) (No.) (No.) (3, 5, 7)  (cm) (5, 7) 
BRS0057  2.77 b 13.50 bc 30.25 a 600.61 ab 821.31 a 0.23 bc 1.38 b 5 and 7 1.20 d 13.54 ab 5 
BRS0409  2.00 c 32.01 a 30.01 a 538.79 ab 466.03 ab 0.35 bc 8.40 a 3 and 5  1.87 a 15.50 a 5 
BRS0452  3.11 ab 17.83 b 27.31 a 461.87 ab 449.93 b 3.79 a 5.95 a 5 and 7 1.41 bc 11.56 ab 5 
BRS0402  2.90 b 15.21 bc 30.43 a 653.93 a 867.29 a 1.73 b 2.17 b 5 and 7 1.50 b 12.10 ab 5 
BRS0535  3.56 a 7.81 bc 11.88 b 478.91 ab 285.01 c 0.06 c 0.88 b 7 1.22 cd 10.11 b 5 
C. de buey 3.64 a 2.14 c 8.57 b 348.79 b 395.99 bc 0.21 bc 0.71 b 7 1.02 d 14.7 ab 7 
LSD 0.59 9.81 10.69 292.2 160.0 1.58 3.10 - 0.21 4.83 - 
Mean 2.99 13.18 22.44 513.8 547.6 1.06 3.25 - 1.29 12.49 - 
 
Data followed by the same letter within the same column are not significantly different by LSD mean separation at P ≤ 0.05 
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a 
Visual rating from 1= totally damaged to 5= without damage 
b 
Damage recorded on inner leaves 
c 
Damage recorded on outer leaves 
d
 Heading habit: 3 (non-heading), 5 (semi-heading), 7 (heading). The first number indicates the most abundant class 
e
 Head shape: index head length/ head diameter  
f
 Leaf wax: intermediate (5), abundant (7) 
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